Objectives We evaluated whether differences in cardiovascular risk factors, as assessed by the Framingham risk scores for stroke and cardiovascular disease (FSRS and FCRS), contributed to disparities in all-cause mortality across race and regional strata of USA.
Introduction
In 1985, the secretary of the Department of Health and Human Services (DHHS) issued a landmark report which revealed large and persistent gaps in health status among Americans of different racial and ethnic groups that served as an impetus for addressing health inequalities for racial and ethnic minorities in the USA [10] . This report led to the establishment of the Office of Minority Health, with a mission to address these disparities within the nation.
Efforts to understand health disparities in the USA have shown consistent and substantial gaps in mortality by race, particularly between Black and White Americans. Inequalities in access to healthcare, insurance, social status, income, and education across race groups have been investigated extensively [3, 4, 9, 14, 16, 20, 22, 23, 31, 33] . However, disparities in life expectancy across race groups remain. In 2011, life expectancy at birth for Whites was significantly higher than for Blacks (79.0 vs. 75.3 years) ranging from 81.1 years for women (81.3 Whites vs. 78.2 years Blacks) to 76.3 years for men (76.6 Whites vs. 72.1 years Blacks) ( [11] ). Heart disease and cancer continue to be the leading causes of death across race groups, accounting for 42 to 47 % of all deaths ( [11, 15] ) An understanding of the mortality disparities is needed to formulate and implement effective interventions, programs, and policies aimed at mitigating this recalcitrant issue.
Even larger disparities in life expectancy exist by county of residence or a combination of race and county of residence (race-county) [8, 12, 13, 26] . In the seminal work by Murray et al., the authors highlighted that the gap between the highest and lowest life expectancies for race-county combinations in the USA is over 35 years by dividing the race-county regions into eight separate groups called the BEight Americas^ [26] . The disparities in life expectancy cannot be explained by race, income, or basic health-care access and utilization alone. Therefore, we hypothesized that a substantial proportion of the differences in mortality between the Eight Americas would be attenuated by adjustment for cardiovascular disease (CVD) risk factors.
We aimed to evaluate if differences in cardiovascular risk factor burden, as assessed by the Framingham Stroke Risk Score (FSRS) and the Framingham Coronary Risk Score (FCRS), contributed to the these race-county disparities in mortality. To this end, we implemented the BEight Americasd efinition of race-county within a large national, biracial prospective cohort-the Reasons for Geographic And Racial Differences in Stroke (REGARDS) study and examined the role of CVD risk burden in differences in mortality among these groups. As the striking racial differences in stroke mortality are captured by contrasting blacks to whites (i.e., the stroke mortality of Asian/Pacific Islanders, Native American/Alaska Natives, and Hispanics [regardless of race] are similar to whites), recruitment to REGARDS was restricted to nonHispanic white and black participants. With this restriction, BAsian^and BWestern Native American^identified by Murray [26] could not be included in these analyses. Also, only five among the six regions had sufficient representation to allow assessment of the distribution of CVD risk factors, FSRS and FCRS, and all-cause mortality. This assessment did not include Northern low-income rural Whites due to their limited (n = 136) participation.
Methods

Study Cohort
The Reasons for Geographic and Racial Differences in Stroke (REGARDS) study includes a population-based sample of US Black and White adults 45 years or older from the 48 contiguous US states. Study recruitment and data collection have been described previously [17] . Briefly, between January 2003 and October 2007, eligible participants were identified from a commercially available list of residents and recruited through initial mail followed by telephone contact; only those participants who completed the initial telephone survey followed by an in-home visit and agreed to subsequent telephone follow-up for changes in health status were enrolled in the study. The response (33 %) and cooperation rates (49 %) were similar to the rates reported in other epidemiologic studies [19, 25] .
By design, 56 % of the sample was recruited from southern US states commonly referred to as the Bstroke buckle^(coastal North Carolina, South Carolina, and Georgia) and Bstroke belt^(Alabama, Mississippi, Tennessee, Arkansas, Louisiana, and the remainder of North Carolina, South Carolina, and Georgia), and the rest were recruited from the remaining 40 contiguous US states. Only those individuals who selfidentified as non-Hispanic Black or White were eligible. The final REGARDS study population of 30,239 participants was comprised of 41 % Blacks, and 55 % was women. The REGARDS study protocol was approved by the Institutional Review Boards governing research in human subjects at the collaborating centers, and all participants provided informed consent.
Data Collection
Trained personnel conducted computer-assisted telephone interviews and subsequent in-home study visits during which they collected information on socio-demographic, lifestyle, and clinical factors, medication use, samples for laboratory assessment, anthropometric measurements, and electrocardiogram (ECG). CVD-related information included blood pressure and lipid measures, self-reported diagnosis of myocardial infarction (MI) or stroke, and history of cardiovascular procedures (endarterectomy, aortic aneurysm repair, coronary artery bypass surgery, peripheral vascular surgery, and percutaneous transluminal coronary angioplasty).
Hypertension was categorized based on the seventh report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure (JNC 7) and defined as systolic blood pressure (SBP) ≥140 mmHg or diastolic blood pressure (DBP) ≥90 mmHg or current pharmacological treatment for hypertension [5] . Blood pressure categorizations were made regardless of the use of antihypertensive medication, and the higher category was selected when SBP and DBP fell into separate categories. Total cholesterol, high density lipoprotein (HDL) cholesterol, triglycerides, and glucose were measured by colorimetric reflectance spectrophotometry using the Ortho Vitros Clinical Chemistry System 950IRC instrument (Johnson & Johnson Clinical Diagnostics). Diabetes mellitus (DM) was defined as fasting glucose level ≥126 mg/dL (or non-fasting glucose level ≥200 mg/dL for those who failed to fast) or current pharmacological treatment (insulin or oral hypoglycemic) for DM. Left ventricular hypertrophy (LVH) was defined using the electrocardiographic Sokolow-Lyon criteria [32] . For this report, atrial fibrillation (AF) was diagnosed based on centrally read ECG or self-report of physician-diagnosis. The present analysis was limited to participants without a history of CVD, defined as evidence of prior MI on ECG or by self-report, stroke, or self-reported history of any of the cardiovascular procedures mentioned earlier.
The Framingham Stroke Risk Score was computed using age, SBP, DM, smoking, AF, LVH, and use of hypertensive medication [7, 35] . Age and systolic blood pressure were classified at every 10-unit change, whereas the remaining variables were dichotomized with 1 if yes and 0 if no. The Framingham Coronary Risk Score was calculated based on age 10-unit change, sex, DM (yes/no), smoking (yes/no), JNC-7 blood pressure categories [5] National Cholesterol Education Program (NCEP) total cholesterol categories, and HDL cholesterol categories [2, 34] .
Population Subgroups
A relatively large part of the overall observed race-county life expectancy disparities were previously explained by grouping the US population by race and county characteristics [12, 26] . Based on these findings, we implemented the BEight Americas^sub-grouping of the US race-county regions as our unit of analysis within the REGARDS cohort. Eight Americas includes Asian, Northland Low-Income Rural White, Middle-America White, Low-Income Whites in Appalachia and the Mississippi Valley, Western Native American, Black Middle America, Southern Low-Income Rural Black, and High Risk Urban Black regions. Our analysis excluded the Asian, Western Native Americans and Northern LowIncome Rural Whites.
Outcome
All-Cause Mortality
Participants or their proxies were contacted every 6 months by telephone to obtain information on outcomes of interest or death during the previous 6 months. For proxy-reported deaths, interview was conducted with next of kin. Follow-up for the current analysis was available through March 31, 2013. For suspected deaths, date of death was confirmed through the Social Security Death Index, death certificates, or the National Death Index. Follow-up time was calculated as the number of days from the baseline in-home visit to date of death or the last REGARDS study telephone contact prior to March 31, 2013, if not deceased.
Statistical Analysis
Baseline characteristics were described as mean (standard deviation) for continuous variables and proportions for categorical variables. Analysis of variance was used to assess whether age-and sex-adjusted differences for cardiovascular risk profiles (FSRS and FCRS) differed between the six regions.
Differences in FCRS and FSRS across the six regions were estimated using a general linear model with adjustment for age and sex. Differences in individual risk factors that comprise the risk scores were also evaluated. Crude differences in all- Fig. 1 Distribution of REGARDS participants by race (a Whites; b Blacks) and county of residence cause mortality were estimated using Kaplan-Meier estimates and hazard ratios estimated using cox proportional hazards analysis with (1) adjustment for age and sex and (2) after further adjustment for the Framingham risk scores. The analyses were conducted using SAS version 9.3 (SAS Institute, Cary, NC) with two-tailed p values determined at significance level of 0.05.
Results
Of the 30,239 participants, 56 were excluded due to data anomalies, and 97 due to geocoding issues, resulting in an analysis cohort of 30,086 participants. The 30,086 REGARDS participants were distributed across Northland Low-Income Rural White (0.45 %), Middle-America White (51.4 %), Low-Income White in Appalachia and the Mississippi valley (6.7 %, Fig. 1a ), Black Middle America (22.7 %), Southern Low-Income Rural Black (9.2 %) and High-Risk Urban Black (9.6 %, Fig. 1b) . Tables 1 and 2 present the distribution of sociodemographic characteristics and cardiovascular risk factors across the race-county regions.
Whites residing in Low-Income White areas had higher FCRS (p < 0.001) and FSRS (p < 0.01) compared to Middle-America Whites (Table 3) explained by higher SBP (p < 0.001), DBP (p = 0.05), total cholesterol (p = 0.04), and HDL levels (p < 0.001). Low-income Whites were more likely to smoke (p < 0.01), have DM (p < 0.001), CHD (p < 0.001), hypertension (p < 0.001), and to use antihypertensive medications (p < 0.001).
The FCRS for High-Risk Urban Blacks were higher than those for Blacks in Middle America (p = 0.01), but no significant differences were observed between Southern LowIncome Rural Blacks and High-Risk Urban Blacks (p = 0.24) or Blacks in Middle America (p = 0.28; Table 3 ). The FSRS for Southern Low-Income Rural Blacks were higher than those for Middle-America Blacks (p < 0.001) and marginally (p = 0.09) higher than those in High-Risk Urban Blacks, but no significant differences were observed Table 3 ).
Compared to Southern Low-Income Rural Blacks, High Risk Urban Blacks and Middle-America Blacks had lower likelihood of diabetes (both p < 0.001), hypertension (p < 0.001), and reported lower use of antihypertensive medications (p < 0.001). Only smoking was more prevalent among High-Risk Urban Blacks (p < 0.01 compared to Middle-America Blacks, p < 0.001 compared to Southern Low-Income Rural Blacks; Table 3 ).
Although not statistically significant, Low-Income Whites had a 12 % higher mortality compared to Middle-America Whites after adjusting for age and sex (Table 4 ) and a 7 % higher mortality after further adjusting for FCRS and FSRS (Fig. 2a) . Whereas, mortality was lower among MiddleAmerica Blacks (13 % lower; p = 0.04) and High-Risk Urban Blacks (9 % lower; p = 0.24) compared to Southern LowIncome Rural Blacks. There was no difference in mortality between Blacks in High-Risk Urban areas and those in Middle America. Further adjusting for FCRS and FSRS, MiddleAmerica Blacks had 23 % (p = 0.06) lower mortality and High-Risk Urban Blacks had a 24 % (p = 0.01; Fig. 2b ) lower mortality compared to Southern Low-Income Rural Blacks. Figure 3 demonstrates the higher incidence of mortality among Blacks compared to Whites. Compared to MiddleAmerica Whites, after adjusting for age, sex, FSRS and FCRS, mortality was 39 % higher among Middle-America Blacks (p < 0.001), 35 % higher among High Risk Urban Blacks (p < 0.001) and 83 % higher among Southern LowIncome Rural Blacks (p < 0.001, Fig. 2c ).
Discussion
The disparities in life expectancies and mortality across racial and geographic subgroups have been attributed to♯ factors related to socio-economics, demographics, the environment, b An odds ratio of 1.00 denotes null association and is considered a reference. Among Whites, the Middle-America Whites serve as the reference groups, whereas among Blacks, the Southern Low-Income Rural Black serves as the reference group health-related behavior, and health care access [6] . Our assessment of disparities in mortality in the population-based REGARDS cohort shows that despite the varied distribution of CVD risk factors and FSRS and FCRS across race-county regions, mortality differences among White participants were not significantly influenced by CVD risk in our study. However, among Blacks, accounting for CVD risk unmasked a greater disparity with Southern Low-Income Rural Blacks experiencing higher mortality compared to the other two Black subgroups, and Whites. The prevalence of hypertension and DM was higher among Southern Low-Income Rural Blacks compared to the other two Black subgroups. Interventions to combat these modifiable risk factors could translate into gains in life expectancy as recently demonstrated by Danaei et al. [8] . Four modifiable risk factors-smoking, blood pressure, blood glucose, and adiposity-were associated with reduced life expectancy in both men and women. Our work identifies race-county regions for Whites and Blacks wherein targeted risk factor reduction could translate into reduced mortality.
Previous studies from REGARDS have focused broadly on regional differences in mortality across race groups. A recent study within REGARDS reported the association of FSRS with higher stroke risk [24] . Herein, we demonstrate that the racial differences in mortality persist even after controlling for age, sex, and Framingham risk scores. This indicates that differential susceptibility or earlier accumulation of risk factors (higher cumulative risk) as well as other yet-to-be-identified/ undocumented risk factors may play an important role in disparities in mortality [18] . Unmeasured factors are likely playing a major role leading to the highest mortality observed in Southern Low-Income Rural Blacks. Of note, REGARDS only enrolled participants of age 45 years or older, thus the well-documented higher mortality attributable to violent deaths among younger Blacks did not contribute to our observations. Future efforts should focus on identifying additional risk factors and including them in assessing and addressing racial disparities.
The REGARDS cohort provides a unique opportunity to study the racial and geographic differences in CHD and stroke risk due to the higher proportion of Blacks and wide representation of other regions of the USA. Additionally, REGARDS objectively measured factors constituting the FSRS and FCRS thus providing accurate, reliable, and validated risk assessment compared to self-reported data used in national surveillance data sources. As REGARDS was designed to examine differences between Blacks and Whites, only five among the six regions had sufficient representation to allow assessment of the distribution of CVD risk factors, FSRS and FCRS, and all-cause mortality. Data from other race/ethnicities was not available, and therefore, assessment of Asian, Western Native American, and Northern Low-Income Rural Whites as defined by Murray et al. was not possible.
Several studies examining factors associated with health disparities have largely focused on individual or some Fig. 2 All-cause mortality among race-county residence a among Blacks wherein Southern Low-Income Rural Blacks serve as the reference group, b among Whites wherein Middle-America Whites serve as the reference group, c across the race groups Blacks and Whites wherein Middle-America Whites serve as the reference group Fig. 3 Cumulative incidence of all-cause mortality among REGARDS participants by race and county of residence composite measures of socio-economic and/or environmental factors [1] . We implemented the Eight Americas method which is a composite of race, location of the county of residence, population density, race-specific county-level per capita income, and cumulative homicide rate and provides broad and distinct race-county categories. While previous studies have focused on between race or race-sex differences [1, 6] , we also focus on within race differences, enabling the unmasking of a greater disparity in mortality among Southern Low-Income Rural Blacks.
Intervention strategies tailored by racial/geographic regions are needed to improve the overall efficacy of already existing therapeutic interventions to mitigate and reduce risk for CVD and mortality. For example, as demonstrated by the differential distribution of risk factors in Table 1 , the prevalence of hypertension and diabetes among Southern Low-Income Rural Blacks compared to the other two Black subgroups was higher. Earlier studies from REGARDS suggest that higher prevalence of hypertension and diabetes increases the likelihood of other complicating comorbid conditions such as end-stage renal disease which in turn may increase the risk of mortality [29] . Blacks were also more likely to have diets rich in cholesterol [27, 28] and were less likely to be aggressively treated or controlled for hyperlipidemia despite equal health care utilization as Whites [30] . More importantly, Black males were reported to be unaware of their hyperlipidemia [30] and are therefore less likely to receive or request treatment for it. Blacks also suffer a greater burden of prediabetes [21] and, as a result, may be at increased risk for early diabetes and unaware of the need for prevention or early treatment interventions. Therefore, interventions focused on curbing risk factors need to be targeted to and tailored for Blacks and specifically the Southern Low-Income Rural Blacks.
The higher risk burden for stroke and CHD in the lowincome areas for both Blacks and Whites highlights that BAll Blacks are not equal^and BNot all Whites are equal.^Efforts to better target culturally concordant interventions to improve mortality among Southern Low-Income Blacks are urgently needed.
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